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(54) HEAT TREATING APPARATUS 

(57)Abstract: 

PURPOSE: To provide a heat treating apparatus, 
wherein the formation of an oxide film on a 
wafer is prevented, and the temperature 
distribution in a core tube is made uniform with 
the flow rate of gas flowing in the core tube 
being suppressed to the low value. 
CONSTITUTION: A heat treating apparatus 10 
has a core tube part 12, a circulating line 14, an 
electric-furnace gas heater, a fan device 1 8, a 
water cooling type gas cooler 20 and gas 
introducing devices 22 and 23. The core tube 
part 12 comprises an inner tube 29 and an outer 
tube 35. The respective part is constituted of 
the main body having the opening part and the 
cap part, which is coupled with the opening part. 
The main bodies and the cap parts of the inner 

and outer tubes have the introducing pipes having the closing valves or exhuast 
pipes; respectively, and linked to the gas introducing system and the gas 
exhausting system of the circulating path having the closing valves. Many 
obstruction plates 40 are arranged on the inner wall of the inner tube separately 
in the longitudinal direction and the circumferential direction in the zig-zag 
pattern. After a wafer is contained, the gas is replaced with inert gas Linking with 
the core tube path is performed, and the inactive gas is circulated. The inactive 
gas is heated, and the wafer is heat-treated. The inactive gas is cooled, and the 
gas is changed into 02, and H2. Thus an oxidizing apparatus can be obtained. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not 
reflect the original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1] In the thermal treatment equipment which heat-treats the processed 
material which was equipped with the work tube which has opening which can be 
opened and closed freely, and carried out carrying-in appearance through opening 
within a reactor core A gas inlet with a closing motion valve and a gas exhaust port 
with a closing motion valve are prepared in a work tube. Furthermore, the 
circulation duct is equipped with the 1st end connection with a closing motion 
valve and the 2nd end connection connectable with the gas inlet and gas exhaust 
port of a work tube, respectively free [ dissociation ], and it was made to circulate 
through a gas via a work tube, The thermal treatment equipment characterized by 
having the gas heating apparatus, the gas cooling equipment, and the blower which 
were formed in the circulation duct. 

[Claim 2] It consists of double pipes with which said work tube consists of an inner 
tube which arranges a processed material, and an outer tube which surrounds an 
inner tube from the outside. Each has a gas inlet with a closing motion valve, and a 
gas exhaust port with a closing motion valve. And the thermal treatment equipment 
according to claim 1 characterized by establishing the circulation duct in each of 
an inner tube and an outer tube so that the flow direction of the gas which flows 
the annular passage between the gaseous flow directions, outer tubes, and inner 
tubes which flow the inside of an inner tube may become reverse. 
[Claim 3] The thermal treatment equipment according to claim 1 or 2 characterized 
by forming the baffle which changes the flow of the gas within a reactor core into a 
turbulent flow condition in the tubing wall of the work tube which arranges a 
processed material. 
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2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] About a thermal treatment equipment, further, this 
invention heats the wafer for semiconductor devices in a detail, and relates to the 
thermal treatment equipment for carrying out thermal diffusion of the impurity, or 
forming an oxide film on a wafer. 
[0002] 

[Description of the Prior Art] In the production process of a semiconductor device, 
a thermal treatment equipment heats a wafer, and it is used in order to carry out 
thermal diffusion of the impurity, to perform annealing or to form an oxide film. 
While has been arranged in the location of B and the conventional thermal 
treatment equipment 80 is equipped with the work tube 84 which has opening with 
a shutter 82 at the edge, and the heater 86 formed in the periphery of a work tube 
84, as shown in drawing 5 . N2 Gas is N2 prepared in the other-end section of a 
work tube. It is introduced from a gas inlet 88 and discharged from the exhaust 
port of a near [ a shutter 82 ]. 

[0003] When carrying out thermal diffusion processing of the wafer S, Wafer S is 
arranged on the wafer boat 90, and the location of A is made to stand by. On the 
other hand, a work tube 84 is heated at a heater 86, and predetermined 
temperature is reached, and a shutter 82 is opened wide, the wafer boat 90 is fed 
in a work tube 84 with the boat loader 92 via opening, and it arranges in the 
predetermined location C by stages. After carrying out predetermined time 
progress, the wafer boat 90 is picked out from a work tube 84 in a reverse 
procedure, and it returns to the position in readiness of A. 
[0004] 

[Problem(s) to be Solved by the Invention] However, the conventional thermal 
treatment equipment mentioned above has a problem which is described below. 
First, the 1 st problem is that an oxide film is formed on the surface of a wafer. It is 
hot N2 at the time of the carrying-in appearance of a wafer boat. Since gas is 
emitted in large quantities into atmospheric air from the work tube via opening, it is 
N2 of the open air and an elevated temperature. Near opening where gas is mixed 
has been the ambient atmosphere in which hot oxygen exists. Therefore, when 
Wafer S passes opening in connection with the carrying-in appearance of a wafer 
boat, a wafer oxidizes by hot oxygen and an oxide film is formed in a front face. In 
the making process of a semiconductor device, after a heat treatment process, 
although the process which removes this oxide film is carried out, before being 
removed, the phenomenon an impurity carries out [ a phenomenon ] anomalous 
diffusion within a semi-conductor arises by the oxygen which constitutes an oxide 
film. This phenomenon affects the property of a semiconductor device, is on 
quality control of a semiconductor device, and poses a problem, so that a 
semiconductor device is detailed and high-density. 
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[0005] As the 2nd problem, the conventional thermal treatment equipment is 
saying that it is necessary to pass a lot of inert gas (for it to be mainly N2 gas) 
within a reactor core, in order to make the temperature distribution within a 
reactor core into homogeneity. This is the cause which increases the costs of a 
heat treatment process. 

[0006] It is offering the thermal treatment equipment which equalized the 
temperature distribution within a reactor core, being offering the thermal treatment 
equipment improved so that the oxide film which is not a request might not be 
formed [ in / in the 1st / a heat treatment process ] by the purpose of this 
invention on a wafer in view of an above-mentioned problem, and pressing down 
low the flow rate of the gas which flows within a reactor core to the 2nd. 
[0007] 

[Means for Solving the Problem] In order to attain the 1st above-mentioned 
purpose, the thermal treatment equipment concerning this invention In the thermal 
treatment equipment which heat-treats the processed material which was 
equipped with the work tube which has opening which can be opened and closed 
freely, and carried out carrying-in appearance through opening within a reactor 
core A gas inlet with a closing motion valve and a gas exhaust port with a closing 
motion valve are prepared in a work tube. Furthermore, the circulation duct is 
equipped with the 1st end connection with a closing motion valve and the 2nd end 
connection connectable with the gas inlet and gas exhaust port of a work tube, 
respectively free [ dissociation ], and it was made to circulate through a gas via a 
work tube, It is characterized by having the gas heating apparatus, the gas cooling 
equipment, and the blower which were formed in the circulation duct. 
[0008] The work tube used by this invention may be a work tube of the same 
quality of the material made from a quartz as the conventional work tube, for 
example, a product, and a horizontal type or a vertical mold is sufficient as it. Gas 
heating apparatus has the gas heating apparatus of the electric furnace format 
which is a known means by which the gas was heated, for example, prepared the 
duct where a gas flows in the electric furnace by heating a sink and a heating tube 
for a gas from the outside of tubing within heating. Gas cooling equipment is known 
gas cooling equipment of air cooling or a water cooling type. Moreover, the known 
fan for elevated-temperature gas can be used for a blower. 
[0009] The inner tube with which, as for the desirable embodiment of this 
invention, a work tube arranges a processed material, Consist of double pipes 
which consist of an outer tube which surrounds an inner tube from the outside, 
and each has a gas inlet with a closing motion valve, and a gas exhaust port with a 
closing motion valve. And it is characterized by establishing the circulation duct in 
each of an inner tube and an outer tube so that the flow direction of the gas which 
flows the annular passage between the gaseous flow directions, outer tubes, and 
inner tubes which flow the inside of an inner tube may become reverse. 
[0010] Moreover, in order to attain the 2nd purpose, the desirable embodiment 
concerning this invention is characterized by forming the baffle which changes the 
flow of the gas within a reactor core into a turbulent flow condition in the tubing 
wall of the work tube which arranges a processed material. A baffle is the 
obstruction of the flow which is equipped with the field which intersects gaseous 
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flow, says hydrodynamically, disturbs gaseous flow, and is changed into a turbulent 
flow condition here, and it has the function which makes the gaseous rate of flow 
homogeneity in each location of the cross section of the passage which intersects 
perpendicularly with a gas flow direction. As long as the configuration of a baffle 
achieves the purpose, there is especially no constraint. 
[0011] 

[Function] In invention of claim 1, the circulation duct which permuted air by the 
work tube which held the wafer boat which carried the wafer in the interior, and 
permuted air with inert gas, and was isolated from the exterior with inert gas 
similarly, and was isolated from the exterior is connected, and inert gas is 
circulated with the blower via a work tube along a circulation duct. Subsequently, 
the circulating inert gas is heated with gas heating apparatus, and the wafer within 
a reactor core is heat-treated with hot inert gas. The inert gas which suspends 
and circulates through gas heating apparatus is cooled with gas cooling equipment 
after termination of a heat treatment process. A work tube is separated from a 
circulation duct after cooling termination, and the wafer boat which opened opening 
wide further and was cooled is taken out. The closing motion valve of a gas inlet 
and a gas exhaust port is stopped introducing inert gas from a gas inlet and 
discharging inert gas from a gas exhaust port, in order for inert gas to permute the 
section of a reactor core and to isolate from the open air. The closing motion valve 
of the 1st end connection and the 2nd end connection is stopped introducing and 
discharging inert gas to each gas passage of the gas heating apparatus connected 
to the circulation duct and the circulation duct, gas cooling equipment, and a 
blower, in order similarly for inert gas to permute the interior of a circulation duct 
and to isolate from the open air. 

[0012] In invention of claim 2, since the flow direction of the gas which a work tube 
consists of double pipes, and flows the annular section between the flow direction 
of the gas in an inner tube, and an inner tube and an outer tube is reverse, the 
temperature distribution in an inner tube can be made into homogeneity at the 
time of work tube heating. Moreover, since the outer tube has enclosed the 
perimeter of an inner tube, there is no possibility that the foreign matter which 
metal etc. does not have may invade in an inner tube from the exterior. 
[0013] By invention of claim 3, since gaseous flow becomes a turbulent flow and 
the rate of flow in each location of the cross section of a flow direction is 
equalized by forming a baffle in the work tube with which the wafer is held, the 
temperature distribution within a reactor core become fixed by the small flow rate. 
[0014] 

[Example] Hereafter, with reference to an accompanying drawing, this invention is 
explained more to a detail based on an example. The typical sectional view in which 
the general flowsheet which shows the configuration of one example of the thermal 
treatment equipment which drawing 1 requires for this invention, and drawin g 2 
show the configuration of a work tube, and drawing 3 are the sectional views of 
view I-I of drawing 2 . The thermal treatment equipment 10 of this example is the 
reactor core tube part 12, the circulation duct 14, the electric furnace type gas 
heating apparatus 16, fan equipment 18, the water cooling type gas cooling 
machine 20, and N2 and 02, as shown in drawin g 1 . The gas installation 
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equipments 22, such as gas, and H2 It has the gas installation equipments 23, such 
as gas. 

[0015] The body 26 of an inner tube with which the reactor core tube part 12 has 
opening 24 at one edge as shown in drawing 2 , The inner tube 29 which consists 
of an inner-tube covering device 28 which fits into the periphery of opening 24 and 
stops opening 24, The periphery of the body 26 of an inner tube is surrounded, and 
it consists of outer tubes 35 which consist of the body 26 of an inner tube, an 
outer-tube body 32 which has opening 30 at the edge of the same side, and an 
outer-tube covering device 34 which fits into the periphery of the opening 30 of 
the outer-tube body 32, and stops opening 30. 

[0016] The gas installation tubing 44 which has the gas exhaust pipe 38 and the 
closing motion valve 42 which have the closing motion valve 36, respectively is 
formed in the opening 24 of the body 26 of an inner tube, the edge of the opposite 
side, and the inner-tube covering device 34, and a gas flows the inside of an inner 
tube 29 in the direction X of an arrow head. Moreover, the gas exhaust pipe 52 
which has the gas installation tubing 48 and the closing motion valve 50 which have 
the closing motion valve 46, respectively is formed in the opening 30 of the outer- 
tube body 32, the edge of the opposite side, and the outer-tube covering device 
34. The gas exhaust pipe 36 of the body 26 of an inner tube and the gas 
installation tubing 44 of the inner-tube covering device 26 penetrated the edge 
wall and the outer-tube covering device 34 of the outer-tube body 32, 
respectively, and have projected them to the method of outside. After tubing may 
be joined to the edge wall or the covering device wall in one and the penetration 
section makes the through tube of an edge wall or a covering device penetrate 
tubing, it may be closed with encapsulant. Of the above configuration, the annular 
gas passage 54 is formed between an inner tube 29 and an outer tube 35, and a 
gas flows the inside of the annular passage 54 in the direction of an arrow head Y. 
[0017] Many baffles 40 are formed in the internal surface of the body 26 of an 
inner tube over the whole surface. As are shown in drawing 2 , and it is the block 
which sees to the longitudinal direction of the body 26 of an inner tube, and has 
the cross-section configuration of an abbreviation trapezoid and is shown in 
drawing 3 , it goes over a baffle 40 all over the wall of the body 26 of an inner tube, 
it is isolated to the hoop direction and longitudinal direction of the body 26 of an 
inner tube, moreover, is seen to a longitudinal direction, and is arranged alternately 
(although the broken line of drawin g 3 has been alternately arranged behind the 
baffle 40 displayed as the continuous line, it is instantiation). As each baffle 40 is 
shown in dra win g 2 , the flat surface where the longitudinal direction of the body 
26 of an inner tube and the field 56 of the downstream of gaseous flow cross at 
right angles is accomplished, a curved surface which the field 58 of the upstream 
isolates from the field 56 of the downstream as it goes to the wall surface of the 
body 26 of an inner tube is accomplished, and height has a dimension which does 
not collide with the wafer laid on the wafer boat from the wall surface of the body 
26 of an inner tube. 

[001 8] As you may form in one with the body 26 of an inner tube and it is shown in 
drawing 4 (a) and (b), as long as it forms separately the baffle tubing 59 which 
formed the block of a baffle 40 in the shell 57 of an outer diameter almost equal to 
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the bore of the body 26 of an inner tube, it inserts it into the body 26 of an inner 
tube if needed and it becomes unnecessary, you may make it pull out a baffle 40. 
Drawing 4 (a) is the sectional view of the longitudinal direction of the baffle tubing 
59, and drawing 4 (b) is the cross-sectional view of view II-II of drawing 4 (a). 
[0019] The circulation duct 14 consists of two lines of the outer-tube system of 
the inner-tube system of the gas installation system 60 connected to an inner 
tube 29, and the gas excretory system 62, the gas installation system 64 
connected to an outer tube 35, and the gas excretory system 66, as shown in 
drawing 1 . The gas installation systems 60 and 64 and the gas excretory systems 
62 and 66 were connected with each gas installation tubing and the gas exhaust 
pipe of the reactor core tube part 12 by the connection sections 61, 63, 65, and 
67, and are equipped with its its closing motion valves 68, 70, 72, and 74 near the 
connection section. The connection method of the connection sections 61, 63, 65, 
and 67 is the so-called quick coupling type or a fitting type, and can be connected 
now simple and quickly. Furthermore, N2 in a circulation duct In order to adjust the 
pressure of gas, the pressure regulating valve 76 is formed in the circulation duct 
14. 

[0020] The electric furnace type gas heating apparatus 1 6 is known gas heating 
apparatus with which a gas consists of a heating tube which flows the interior, and 
an electric furnace which heats a heating tube. A by-pass line may be established 
in the surroundings of the gas heating apparatus 16, and the gas heating apparatus 
16 may be made to bypass if needed in the case of the cooling process mentioned 
later. Moreover, fan equipment 18 is the known blower fan for elevated- 
temperature gas which can ventilate elevated-temperature gas. The water cooling 
type gas cooling machine 20 is a water cooling type condensator of a known 
double pipe mold, and passes the gas which cools cooling water to an inner tube in 
the annular space of a sink, an inner tube, and an outer tube. The gas cooling 
machine 20 may be made to bypass if needed in the case of the heating process 
which established the by-pass line in the surroundings of the gas cooling machine 
20, and mentioned it above. N2 Gas installation equipment 22 is N2. It is equipment 
equipped with the chemical cylinder and the gas pressure regulator valve, and 
connects with the circulation duct 14 through the closing motion valve 78. 
[0021] Below, how to use and heat-treat this example equipment is explained. 
First, as the reactor core tube part 1 2 is removed from a thermal treatment 
equipment 10 and it is shown in draw ing 2 , after introducing the wafer boat W 
which carried Wafer S in the body 26 of an inner tube and arranging in a 
predetermined location, it fits into the periphery of the openings 24 and 30 of the 
body 26 of an inner tube, and the outer-tube body 32, respectively, and the inner- 
tube covering device 26 and the outer-tube covering device 34 are stopped. 
Subsequently, the closing motion valves 36, 42, 46, and 50 are opened wide, inert 
gas (it is [ N2 gas and ] mainly the following N2 it is called gas) is introduced from 
the closing motion valves 42 and 46, and the air in the annular space 54 in an inner 
tube 29 and between an outer tube and an inner tube is discharged from open 
valves 36 and 50. It is air N2 After gas finishes permuting, open valves 36 and 50 
are stopped first, and, subsequently open valves 42 and 46 are stopped. Thereby, 
the reactor core tube part 12 is N2. After gas has permuted, it is isolated with the 
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exterior. 

[0022] On the other hand, in drawing 1 , the closing motion valve 78 is opened 
wide, and it is N2. It is gas N2 It is the air in the circulation duct 14 which 
discharges air from the closing motion valves 68, 70, 72, and 74 opened wide, and 
includes the interior of the gas heating apparatus 16, fan equipment 18, and the 
gas cooling machine 20, introducing into the circulation duct 14 from gas 
installation equipment 22 N2 Gas permutes. The closing motion valves 68, 70, 72, 
and 74 are stopped after the completion of a permutation, and it is N2. After gas 
has permuted, equipment 10 is isolated from the exterior. 
[0023] Subsequently, the reactor core tube part 12 is connected with the 
circulation duct 14 in the predetermined connection sections 61, 63, 65, and 67, 
and each closing motion valves of all are opened. Thereby, the reactor core tube 
part 12 and the circulation duct 14 are open for free passage, and a thermal 
treatment equipment 10 will be in the condition that a start up can be carried out. 
Fan equipment 18 is started, the circulation duct 14 via reactor core tube part 12 
is met, and it is N2. It circulates through gas. The need is accepted and it is N2 in 
the circulation duct 1 4 by the pressure regulating valve 76. The pressure of gas is 
adjusted. Then, heating is started with the gas heating apparatus 1 6. N2 heated the 
gas excretory system 62 after gas's going into an inner tube 29 from the gas 
installation system 60 in an inner-tube side, and flow's being disturbed by the 
baffle 40, flowing the inside of an inner tube 29 in the state of a turbulent flow and 
heating Wafer S — a course — it is again heated with the gas heating apparatus 
1 6, and circulates. At an outer-tube side, it is N2. Gas goes into an outer tube 
from the gas installation system 64, it heats an inner tube 29, flowing the inside of 
the annular passage 54, and carries out course circulation of the gas excretory 
system 66. Thereby, the wafer S in an inner tube 29 is heat-treated. 
[0024] N2 which suspends operation of the gas heating apparatus 60, and instead 
operates and circulates through the gas cooling machine 20 after performing a heat 
treatment process predetermined time Gas is cooled. Thereby, the wafer in an 
inner tube is cooled. The reactor core tube part 1 2 is removed from a thermal 
treatment equipment 10 after cool down ready, and the wafer boat W which carried 
Wafer S is picked out from an inner tube 29. 

[0025] At this example, since it is taken out from an inner tube 29 after the wafer 
was carried in in the inner tube 29 in ordinary temperature and having been cooled 
by ordinary temperature after heat treatment by the above actuation, there is no 
fear of oxidation with elevated-temperature air which had been produced with 
conventional equipment. Moreover, N2 which flows the inside of an inner tube 29 in 
the reactor core tube part 12 N2 which flows the annular passage 54 of the 
direction of gas, an inner tube, and an outer tube Since the direction of gas is 
reverse, the temperature distribution of the longitudinal direction of the reactor 
core tube part 1 2 are maintainable to homogeneity. Furthermore, it is the outside 
of an inner tube 29 in which the wafer is held N2 Since gas is flowing, the foreign 
matter which metal etc. does not have can prevent invading in an inner tube 29 
from the exterior, and polluting Wafer S. N2 Since gas is disturbed by the baffle 40 
and flows the inside of an inner tube in the state of a turbulent flow, temperature 
distribution become homogeneity and a wafer can be efficiently heated by the low 
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flow rate. A procedure is N2 when oxidizing. It applies to gas correspondingly and is 
02 from gas installation equipment 22. It is gas from gas installation equipment 23 
again H2 Gas is introduced. 

[0026] This example shows one embodiment of this invention, replaces it with the 
double tube type work tube of this example, and the work tube of only an inner 
tube is sufficient as it, and it does not have the need of not necessarily forming a 
baffle in the wall surface of an inner tube, either. Moreover, as long as it is not 
necessary to also make the configuration of a baffle be the same as that of this 
example and has the function of a baffle, there is no constraint in a configuration. 
[0027] 

[Effect of the Invention] Since according to invention of claim 1 a wafer is 
arranged and heat-treated in a thermal treatment equipment and the wafer is 
already cooled at the time of taking out, being maintained by the inert gas ambient 
atmosphere isolated from the exterior, there is no possibility of oxidizing by the 
oxygen under open air like conventional equipment. Moreover, since the time 
amount which has exposed the wafer to the open air is short, wafer contamination 
can be controlled. This thermal treatment equipment can be used as annealing 
equipment, a thermal diffusion furnace, or a thermal oxidation furnace by changing 
the class of gas to circulate. In invention of claim 2, since the flow direction of the 
gas which a work tube consists of double pipes, and flows the annular section 
between the flow direction of the gas in an inner tube, and an inner tube and an 
outer tube is reverse, the temperature distribution in an inner tube can be made 
into homogeneity at the time of work tube heating. Moreover, since the outer tube 
has enclosed the perimeter of an inner tube and the gas is flowing the annular 
passage between an inner tube and an outer tube, in a heat treatment process, the 
foreign matter which metal etc. does not have invades in an inner tube from the 
exterior, and can prevent polluting a wafer. By invention of claim 3, since gaseous 
flow becomes a turbulent flow and the rate of flow in each location of the cross 
section of a flow direction is equalized by forming a baffle in the work tube with 
which the wafer is held, the temperature distribution within a reactor core become 
fixed by the small flow rate. Therefore, the requirements of inert gas decrease. 
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[Brief Description of the Drawings] 

[Drawing 1] It is the general flowsheet which shows the configuration of one 
example of the thermal treatment equipment concerning this invention. 
[Drawing 2] It is the typical longitudinal direction sectional view showing the 
configuration of a work tube. 

[Drawing 3] It is the sectional view of view I-I of drawing 2 . 

[Drawing 4] Drawing 4 (a) is the sectional view of the longitudinal direction of the 
baffle tubing 59, and drawing 4 (b) is the cross-sectional view of view II— II of 
drawing 4 (a). 

[Dr awing 5] It is the typical sectional view showing the configuration of the 
conventional thermal treatment equipment. 
[Description of Notations] 

10 One Example of Thermal Treatment Equipment Concerning this Invention 
1 2 Reactor Core Tube Part 
14 Circulation Duct 

16 Electric Furnace Type Gas Heating Apparatus 
18 Fan Equipment 

20 Water Cooling Type Gas Cooling Machine 

22 Gas Installation Equipment (N2 Gas and 02 Gas Etc.) 

23 Gas Installation Equipment (H2 Gas Etc.) 

24 Opening 

26 Body of Inner Tube 

28 Inner-Tube Covering Device 

29 Inner Tube 

30 Opening 

32 Outer-Tube Body 

34 Outer-Tube Covering Device 

35 Outer Tube 

36, 42, 46, 50 Closing motion valve 
38 52 Gas exhaust pipe 
40 Baffle 

44 48 Gas installation tubing 
54 Annular Passage 

56 58 Field of a baffle 

57 Shell 

59 Baffle Tubing 

60 64 Gas installation system 
61, 63, 65, 67 Connection section 
62 66 Gas excretory system 

68, 70, 72, 74, 78, 79 Closing motion valve 
76 Pressure Regulating Valve 
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Japanese Unexamined Patent Application, First Publication No. H08-8204 



[0020] An electric furnace gas heating device 16 is a previously-known gas heating 
device which has a heating tube inside which a gas flows and has an electric furnace 
which heats the heating tube. If necessary, a bypass duct is provided around the gas 
heating device 16, and it is possible to bypass the gas heating device 16 during the 
below-mentioned cooling process. Moreover, a fan device 18 is a previously-known 
ventilation fan for high temperature gas which can ventilate high temperature gas. A 
water-cooled gas cooler 20 is a previously-known water-cooled cooler with double 
tubes which runs cooling water in the inner tube and which runs gas which cools in the 
annular space between the inner tube and the outer tube. If necessary, a bypass duct is 
provided around the gas cooler 20, and it is possible to bypass the gas cooler 20 during 
the above-mentioned heating process. An N 2 gas introducing device 22 is a device 
which comprises an N 2 gas cylinder and a gas pressure adjusting valve and which is 
connected to a circular duct 14 via an opening and closing valve 78. 

[0021] A heat treatment method using the device of the present Embodiment shall be 
explained hereinafter. A furnace core tube section 12 is detached from a heat 
treatment device 10, and as is shown in Figure 2, a wafer boat W, on which a wafer S is 
placed, is introduced into an inner tube body 26. After being placed in a 
predetermined position, an inner tube lid section 26 and an outer tube lid section 34 are 
fit onto the outer circumferences of aperture sections 24 and 30 of the inner tube body 
26 and an outer tube body 32 respectively and the lid sections are then closed. 
Opening and closing valves 36, 42, 46, and 50 are opened, an inert gas (mainly N 2 gas, 
hereinafter referred to as N 2 gas) is introduced from opening and closing valves 42 and 
46, and air inside an inner tube 29 and inside an annular space 54 between the inner tube 
and the outer tube is ejected from open valves 36 and 50. After replacing the air with 
N 2 gas, open valves 36 and 50 are closed, and open valves 42 and 46 are closed. In 
this manner, the furnace core tube section 12 is isolated from the outside in a state in 
which the air has been replaced by N 2 gas. 

[0022] In Figure 1, the opening and closing valve 78 is opened, and while N 2 gas is 
being introduced from the N 2 gas introducing device 22 into the circular duct 14, air is 
ejected from open opening and closing valves 68, 70, 72, and 74, and the air inside the 
circular duct 14, which includes the inner sections of the gas cooler 20, the fan device 
1 8 and the gas heating device 1 6, is replaced with N 2 gas. After the replacement is 



completed, opening and closing valves 68, 70, 72, and 74 are closed, and the device 10 
is isolated from the outside in a state in which the air has been replaced by N 2 gas. 

[0023] The furnace core tube section 12 is connected to the circular duct 14 by 
predetermined connection sections 61, 63, 65, and 67, and all of the opening and closing 
valves are opened. In this manner, the furnace core tube section 12 is connected to the 
circular duct 14, and the heat treatment device 10 is in a state in which operation can be 
started. The fan device 1 8 is started, and N 2 gas is circulated along the circular duct 14 
through the furnace core tube section 12. If necessary, the pressure of the N 2 gas 
inside the circular duct 14 is adjusted by a pressure adjustment valve 76. Heating is 
started in the gas heating device 16. With respect to the inner tube, the heated N 2 gas 
enters the inner tube 29 from a gas introducing system 60, the flow of the N 2 gas is 
disturbed by interference boards 40, the N 2 gas flows in a turbulent state inside the inner 
tube 29, and after heating the wafer S, passes through a gas exhaust system 62, is once 
again heated by the gas heating device 16 and circulated. With respect to the outer 
tube, the N 2 gas enters the outer tube from a gas introducing system 64, heats the inner 
tube 29 while flowing inside an annular flow pass 54, and is circulated via a gas exhaust 
system 66. In this manner, the wafer S inside of the inner tube 29 is heat treated. 

[0024] After the heat treatment process has been performed for a predetermined length 
of time, the operation of gas heating device 60 is stopped, and the gas cooler 20 is 
operated, cooling the circulating N 2 gas. In this manner, the wafer inside the inner 
tube is cooled. After the cooling is completed, the furnace core tube section 12 is 
detached from the heat treatment device 10, and the wafer boat W, on which the wafer S 
is placed, is retrieved from the inner tube 29. 

[0025] In the present Embodiment, by the above operations, the wafer is inserted into 
the inner tube 29 at a normal temperature, and after heating treatment, is removed from 
the inner tube 29 in a state in which it has been cooled to normal temperature. 
Therefore, there is no risk of oxidation by high temperature air such as arises in 
conventional devices. Moreover, in the furnace core tube section 12, the direction of 
the N 2 gas which flows inside the inner tube 29 is opposite to the direction of the N 2 gas 
which flows inside the annular flow pass 54 between the inner tube and the outer tube. 
Therefore, it is possible to uniformly maintain the temperature distribution in the 
lengthwise direction of the furnace core tube section 12. Furthermore, because the N 2 
gas flows outside of the inner tube 29 which houses the wafer, it is possible to prevent 



unwanted foreign substances such as metal from penetrating into the inner tube 29 from 
outside and contaminating the wafer S. Because the N2 gas is disturbed by 
interference boards 40 and flows in a turbulent state inside the inner tube, the 
temperature distribution is homogenized and it is possible to efficiently heat the wafer 
with a small flow quantity. In the case of oxidation, instead of N 2 gas, 0 2 gas is 
introduced from the gas introducing device 22 and H 2 gas is introduced from the gas 
introducing device 23. 
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